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ABSTRACT 
Background: Aerobic exercise has been reported to improve memory function. 
Skipping and running are known as sports that easy to do and like by young adults. 
However, their effect to improve short-term memory in young adults has not been 
studied yet. Objective: to know the effect of skipping and running to improve short-
term memory in young adults. Method: This study used quasi experimental research 
design with pre- and post-test unequivalent group. The subjects were medical students 
of Diponegoro University (n = 80), aged 18-22 years old, who were selected by purposive 
sampling and divided into 4 groups: skipping 3 times a week for 8 weeks (n=20), group 
without exercise as a skipping control (n=20), running with music for 30 minutes 
(n=20), and running only as its control. Short-term memory in pre- and post-test were 
measured using Scenery Picture Memory Test and data were analyzed using paired t-
test, unpaired t-test, Wilcoxon, and Mann-Whitney. Results: There was a significant 
difference in short-term memory (p<0.05) after skipping or running either with music 
or not (p=0.000). Short-term memory in skipping and running with music groups were 
significantly increase (p<0.05) compared with its each control, 3.6±2.63 vs 0.95±3.12, 
and 5.0±2.66 vs 3.05±1.76, respectively Conclusion: Short-term memory can be 
improved by regular skipping exercise and running particulalrly with music in young 
adults. 
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Memory is the storage of acquired knowledge for 
later recall.  It is one of the fundamental cognitive 
functions for adapt to human environment.1 It can 
be classified into two types: short-term and long-
term memory. Short-term memory has limited 
capacity, but has been proved to present one’s 
intelligence.2 Other study also proven that short-
term memory affects long-term academic 
achievement.3 Young adults, for example, college 
students are known to require good memory 
function. Short-term memory is required for 
learning as the beginning of long-term memory 
formation.1,4,5  
Previous studies reveal that short-term memory 
functions can be improved through aerobic 
exercise.6,7,8,9 However, about 81% of adolescents 
aged 11-17 years and 23% of young adults aged 18 
years and over in the world are still classified to 
have lack physical activities.10 This sedentary life 
lifestyle  may interfere the process of  learning in 
student. Many factors affect the process of 
memory formation, such as age, genetics, 
nutrition, hormones, gender, disease, psychology, 
drugs, and stimulation.11,12,13–18 One of 
stimulation that can affect the process of memory 
formation is aerobic exercise. 
Aerobic exercise increases working memory in 
healthy adults, by increasing vascularization to 
the brain so that will cause the viability of nerve 
cells in the brain.19,20,21 Previous study proves that 
there is a neurotropic stimulation such as BDNF 
serum that can increase the volume of 
hippocampus, the part of the brain that plays a 
role in memory formation. The other brain 
structures like gray matter, white matter, and 
brain glia also show changes.22 
Skipping and running are included in aerobic 
sports activities that has been known by all ages 
group and are favored because of the easy and 
simple method. Skipping exercises is quite easy, 
can be done anywhere and anytime. This sport 
does not depend on location, time or weather, so it 
Hiroshima J. Med. Sci. 
Vol. 67, Special Issue, May, 2018  
*Corresponding author: Muflihatul M, Department of Physiology, Faculty of Medicine Diponegoro 
University, Email adress: muflihatul.muniroh@fk.undip.ac.id 
Author 1 and 2 have equal contributions. 
148 
 
can be one of the alternative sports in the young 
age group to improve the quality of lifestyle. 23,24 
Running is proven to improve the cardiovascular 
system function and cognitive function.25,26,27 
Music, especially motivational music with a 
tempo >120 bpm, has ergogenic properties that is 
proved to relieve fatigue, improve sports 
performance, and affect brain activity.28,29 In this 
study, we analyzed the effects of aerobic exercise 
in the form of skipping, running, and running 
with music as a factor affecting short-term 
memory as an alternative to aerobic exercise for 
young adults. 
METHODS 
This research used quasi experimental method 
with pre- and post-test unequivalent group 
design. Subjects were divided into 4 groups; 
skipping 3 times a week for 8 weeks (n=20), with 
group without exercise as control (n=20), running 
with music for 30 minutes (n=20), and running 
without music as control. This study was done in 
March-May 2017 among medical students of 
Diponegoro University, who are selected by 
purposive sampling with following inclusion 
criterias: aged 18-22 years, no sedative drugs and 
such, Body Mass Index 18.50-24.99 kg/m2, and 
approving to be the subject of this research. 
Subjects for skipping and no exercise (control) 
groups should commit to not doing other sports 
other than skipping during the period of this 
research, and able to perform the exercise, i.e. 
skipping 3 times a week for 8 weeks. Otherwise, 
the subjects for running with and without music 
should already used to take regular exercise at 
least twice a week, and have a normal score on 
Depression Anxiety Stress Scale 42 (DASS-42), 
which is 0-9 for depression, 0 - 7 for anxiety, and 
0 - 14 for stress scale. The exclusion criteria were 
subjects with a history of psychiatric disorders, 
head trauma, systemic infections and diseases, 
epilepsy, injury or limb disability, and consuming 
electrolyte and caffeine drinks within 2 hours 
before a short-term memory test. 
 
Skipping 
Skipping has been done indoors with subjects 
wearing uniform shirts, shoes, and skipping 
ropes. Warming up and cooling down steps were 
done for 5 minutes before and after skipping. 
There were 4 sets of skipping exercises on 1st - 4th 
week, while on 5-8th week were done as many as 5 
sets. 1 set of exercises consisting of 2 cycles. Each 
cycle was done 30 seconds of skipping and 30 
seconds of break. Each odd and even set have 
different period of rest, i.e. rest for 1 minute on 
odd set and 5 minutes on even set. 
 
Running 
Running has been done outdoors for 30 minutes 
at Diponegoro University Stadium with moderate 
intensity or conversational pace of speed, i.e. 
running by a normal conversation with a little 
effort comfortably. Running group was divided 
into 2 groups; running with music and running 
without music. The music in this research was 
motivational music type that were selected by 
subjects (Self-selected music) with Brunel Music 
Rating Inventory-2 (BMRI-2).  BMRI-2 was used 
to select the motivational quality of the music, 
with score range was on 36-42 (highly motivated 
musics). Playlist of 15 selected musics were made 
on the phone or iPod and played during running 
for 30 minutes using headsets or headphones with 
50% volume. 
 
Scenery Picture Memory Test (SPMT) 
Short-term memory was measured using SPMT. 
It has some advantages, i.e. time effectiveness and 
ease of understanding from respondents, therefor 
did not cause floor and ceiling effect. Before the 
measurement, a forward digit span test is done to 
outwit the subjects.30 
Subjects were asked to memorize the picture in 
1 minute and mention 23 objects contained on the 
picture. After 1 minute, a forward digit span test 
was done to outwit the subject by mention 
sequence of 1-7 digits, then the subjects were 
asked to recall those number. Then, subjects were 
asked to mention objects previously memorized on 
the SPMT test. Short-term memory on running 
groups were done before and after exercise, while 
skipping and its control groups were examined 
before and after 8 weeks. 
 
Data Analysis 
Saphiro-Wilk test was used to analyze the 
distribution of short-term memory score before 
and after treatment in all groups. Then, to 
analyze short-term memory difference between 
before and after skipping, running, and running 
with music, Wilcoxon test was used because the 
post-test data of short-term memory showed non-
normal distribution. Meanwhile, unpaired t-test 
was used to analyze the difference of short-term 
memory in no exercise group. We analyzed the 
difference of short-term memory increase between 
control and treatment groups using Mann-
Whitney test because post-test data showed non-
normal distribution. The data showed 
significantly difference if the value of p<0.05.
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Table 1. Characteristic of subject 
 
Characteristic Skipping and No Exercise Group Running and Running with Music Group 
n(%) Mean±SD; Median 
(Min-Max) 
n(%) Mean±SD; Median 
(Min-Max) 
Gender: 
- Male 
- Female 
- Total 
 
20(50) 
20(50) 
40(10) 
  
20(50) 
20(50) 
40(10) 
 
Group 
- Treatment 
- Control 
 
20(50) 
20(50) 
40(10) 
  
20(50) 
20(50) 
40(10) 
 
Age  20.53±0.72; 20.50 (19-22) 
 
 20.65±0.949; 21 (18-22) 
Height  161.88±8.95;160.00 (140-180) 
 
 162.335±7.32; 162 (152-182) 
 
Weight  54.65±7.44; 54.00 (42-68) 
 
 57.14±8.04; 55.00 (42-78) 
 
Body Mass Index  20.72± 1.59; 21.05 (18.59-
22.99) 
 
 21.65±1.89; 22.05 (18.6-24.7) 
History of 
psychiatric 
disorder 
- Yes 
- No  
 
 
 
0(0) 
40(10) 
  
 
 
0( 0) 
40(10) 
 
Brain 
Abnormalities 
- Yes 
- No  
 
 
0(0) 
40(10) 
  
 
0(0) 
40(10) 
 
Note.SD = Standard deviation; Min = Minimum; Maks = Maximum; n= Total subjects 
 
 
 
RESULTS 
Characteristic of subjects can be seen in table 1. 
 
Skipping vs without exercise 
Short-term memory was measured using SPMT 
scores in eight-weeks aerobic skipping study. The 
average of group that performs routine skipping 
at the initial test is 18.00 ± 3.08 and after routine 
skipping is 21.60 ± 1.67, with significantly 
difference (p = 0,000). The control is without 
exercise group, had an initial SPMT score of 17.75 
± 2.81 and increased after 8 weeks became 18.70 
± 2.68. This group showed a non-significant 
increase (p = 0,189, see figure 1). The delta of pre-
test and post-test between treatment and control 
group showed a significant difference (p = 0.008, 
see figure 2). 
Running vs running with music 
Short-term memory was also done through 
aerobic treatment which was running with music 
for 30 minutes and runing for 30 minutes as 
control. The treatment group had an initial value 
of 16.45 ± 2.188 and became 21.45 ± 1.932 after 
running with music for 30 minutes. The Wilcoxon 
test showed significant difference of before and 
after exercise score (p = 0,000). The group that 
runs for 30 minutes also showed an average 
difference in the initial score of 16.75 ± 2.77 to 
19.80 ± 2.387. This difference is significant based 
on the Wilcoxon test (p = 0.000, see figure 1). Delta 
between the treatment and control group was 
tested with Mann-Whitney and showed a 
significant difference (p = 0.015, see figure 2).
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Figure 1. The difference of short-term memory score measured by SPMT between groups; 
A. No exercise, B. Skipping, C. Running, D. Running with music. *p<0,05 
 
 
 
 
Figure 2. The increasing of short term memory measured by SPMT; 
A. No exercise (control) and Skipping (exercise), B. Running (control) and Running with music 
(exercise). *p<0,05 
 
 
DISCUSSIONS 
Results showed significant increase in short-
term memory on skipping, running, and running 
with music group after tested using Wilcoxon and 
unpaired t-test. This result was in accordance 
with the hypothesis, which is there is an increase 
of short-term memory score measured with SPMT 
before and after treatment. Mann-Whitney and 
test was done to compare both groups, which 
showed that skipping group has significantly 
higher results compared to control group, and 
running with music group has significantly higher 
results compared to running as control group. 
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In this study, both skipping 3 times a week for 
8 weeks and 30 minutes of running, as aerobic 
exercise, significantly improved short-term 
memory. This was in accordance with previous 
studies which stated that aerobic exercise, both 
routine and acute, can improve cognitive function. 
This happened because aerobic exercise increases 
cardiovascular function, thus increasing the 
peripheral and cerebral blood flow. Increased 
blood flow in hippocampus and anterior cortex 
will improve neural connections between these 
areas. As the blood flow increased, oxygen will 
optimally distributed to neurons and resulting in 
increasing the viability of neurons.7,31,32 Aerobic 
activity of skipping and running also affects the 
hippocampus as a brain structure that plays a role 
in memory and learning. Aerobic activity has been 
shown to increase serum BDNF, neurotropin, 
which helps improve cognitive function including 
memory.8 
This study also showed that 30 minutes running 
with music significantly improved short-term 
memory of young adults, and was significantly 
higher compared to control group. This is in 
accordance with some previous researches that 
discusses the influence of music during physical 
exercise. Motivational music used in this study, 
which has more than 120 beat per minute, can 
increase ergogenic effects during physical exercise 
through increased hormone levels, including 
cortisol and norepinephrine.33 Increased cortisol 
in the blood leading to the catabolism in the 
muscle, adipose, and connective tissue, so that 
energy will be produced by the metabolism. 
Increased norepinephrine levels will stimulate 
the cardiovascular system to increase heart rate 
and both peripheral and brain blood flow.34,35 
The limitation of this study is monitoring other 
daily life factors that may affect short-term 
memory, for example, learning activities, playing 
games, long term nutritional factor, hormonal 
factor, and history of cardiovascular disease. 
 
CONCLUSION AND SUGGESTION 
In conclusion, short-term memory can be 
improved by regular skipping exercise and 
running particularly with music in young adults.  
This study determines that there is an effect of 
regular skipping and running in short-term 
memory on young adults, therefore these exercise 
can be recommended to young adult group in 
improving short-term memory performance. 
Further studies regarding the investigation of the 
detail mechanisms how skipping and running 
effect in short-term memory improving are 
required.  
 
CONFLICT OF INTEREST 
Author declare no conflict of interest. 
 
REFERENCES 
1.  Sherwood L. Introduction to human 
physiology. 8th Ed. Belmont,CA: Brooks/Cole; 
2013. 145-195 p.  
2.  Gignac GE, Shankaralingam M, Walker 
K, Kilpatrick P. Intelligence Short-term 
memory for faces relates to general 
intelligence moderately . Intelligence 
[Internet]. 2016;1–9. Available from: 
http://dx.doi.org/10.1016/j.intell.2016.05.001 
3.  Sarver DE, Rapport MD, Ko MJ, Scanlan 
SW, Raiker JS, Altro TA, et al. Attention 
problems , phonological short-term memory , 
and visuospatial short-term memory : 
Differential effects on near- and long-term 
scholastic achievement. 2012;22:8–19.  
4.  Hall JE, Guyton. Guyton and Hall textbook 
of medical physiology. 12Th Edition. 2012.  
5.  May CP, Einstein GO, Freedman S. A five-
day unit lesson plan for high school 
psychology teachers. USA: TOPPS; 2013.  
6.  Draganski B, Busch V, Schuierer G, 
Bogdahn U, May A. Neuroplasticity: 
changes in grey matter induced by training. 
Nature. 2004;427:311–2.  
7.  Blanton E, Honerlaw K, Kilian R, Sepe J. 
The effects of acute aerobic exercise on 
cognitive function in young adults. J Adv 
Student Sci. 2013;1–20.  
8.  Griffin ÉW, Mullally S, Foley C, 
Warmington SA, Mara SMO, Kelly ÁM. 
Aerobic exercise improves hippocampal 
function and increases BDNF in the serum of 
young adult males. Physiol Behav. 
2011;104:934–41.  
9.  Sim Y, Kim S, Kim J, Shin M, Kim C. 
Treadmill exercise improves short-term 
memory by suppressing ischemia-induced 
apoptosis of neuronal cells in gerbils. 
2004;372:256–61.  
10.  WHO. Prevalence of insufficient physical 
activity. 2010;  
11.  Jack CR, Wiste HJ, Weigand SD, David S, 
Vemuri P, Mielke MM, et al. Age, sex and 
APOE ε4 effects on memory, brain structure 
and β- amyloid across the adult lifespan. 
JAMA Neurol. 2015;72(5):511–9.  
12.  Dincheva I, Glatt C, Lee F. Impact of the 
BDNF Val66Met polymorphism on cognition: 
implication for behavioral genetics. Neurosci. 
2012;18(5):439–51.  
13.  Williams JH, Phillips TD, Jolly PE, Stiles 
JK, Jolly CM, Aggarwal D. Human 
aflatoxicosis in developing countries : a review 
H.T. Ardyarini et al 
152 
 
of toxicology , exposure , potential health 
consequences , and interventions 1 – 3. Am J 
Clin Nutr. 2004;80:1106–22.  
14.  Grantham-mcgregor S. The relationship 
between undernutrition and behavioral 
development in children a review of studies of 
the effect of severe malnutrition on mental 
development. J Nutr. 1995;125(8):2233–8.  
15.  Li R, Singh M. Sex differences in cognitive 
impairment and alzheimer’s disease. Front 
Neuroendoclinol. 2014;35(3):385–403.  
16.  Arciniegas DB, Held K, Wagner P. 
Cognitive impairment following traumatic 
brain injury. Current Treat Options Neurol. 
2002;4(1):43–57.  
17.  Pulopulos MM, Hidalgo V, Almela M, 
Puig-perez S, Villada C, Salvador A, et al. 
Acute stress and working memory in older 
people. Stress Int J Biol Stress. 
2015;18(2):178–87.  
18.  Markham JA, Greenough WT. Experience-
driven brain plasticity : beyond the synapse. 
Neuron Glia Biol. 2004;1(4):351–63.  
19.  Young J, Angevaren M, Rusted J, Tabet 
N. Aerobic exercise to improve cognitive 
function in older people without known 
cognitive impairment (Review). Cochrane 
Database Syst Rev. 2015;(4):1–141.  
20.  Pontifex MB, Hillman CH, Fernhall BO, 
Thompson KM, Valentini TA. The Effect of 
acute aerobic and resistance exercise on 
working memory. Med Sci Sports Exerc. 
2009;(13):927–34.  
21.  Erickson KI, Weinstein AM, Sutton BP, 
Prakash RS, Voss MW, Chaddock L, et al. 
Beyond vascularization : aerobic fitness is 
associated with N-acetylaspartate and 
working memory. NAA Fit. 2012;32–42.  
22.  Thomas AG, Dennis A, Bandettini PA, 
Johansen-berg H. The effects of aerobic 
activity on brain structure. Front Psychol. 
2012;3(March):1–9.  
23.  Lee B. Jump rope training. 2nd ed. USA: 
Human Kinetics; 2010. 37-198 p.  
24.  Chen C-C, Lin Y-C. Jumping rope 
intervention on health-related physical 
fitness in students with intellectual 
impairment. J Hum Resour Adult Learn. 
2012;8(June):56–62.  
25.  Guiney H, Machado L. Benefits of regular 
aerobic exercise for executive functioning in 
healthy populations. Psychon Bull Rev. 2012;  
26.  Liu SAM, Goodman J, Nolan R, Lacombe 
S, Thomas SG. Blood pressure responses to 
acute and chronic exercise are related in 
prehypertension. Med Sci Sports Exerc. 
2012;(4):1644–52.  
27.  Koplan JP, Powell KE, Sikes RK, Shirley 
RW, Campbell CC. Epidemiologic study of 
the benefits and risks of running. JAMA. 
2015;248(23):3118–3121.  
28.  Kumar K, K PPDS. Effect of music during 
exercise on rate of perceived exertion & mood 
status. Int J Med Res Rev. 2016;4(9):1706–12.  
29.  Chizewski A. Effects of self-selected music 
on exercise enjoyment, duration, and 
intensity. University of Illinois; 2016.  
30.  Takechi H, Dodge HH. Scenery Picture 
Memory Test : A new type of quick and 
effective screening test to detect early stage 
Alzheimer â€TM s disease. Geriatr Gerontol. 
2010;(April).  
31.  Drollette ES, Scudder MR, Raine LB, 
Moore RD, Saliba BJ, Pontifex MB, et al. 
Acute exercise facilitates brain function and 
cognition in 3 children who need it most: An 
ERP study of individual 4 differences in 
inhibitory control capacity. Dev Cogn 
Neurosci. 2014;7:53–64.  
32.  Kraemer W, Fleck S, Deschenes M. 
Exercise in physiology: integrating theory and 
application. Lippincot Williams & Wilkins; 
2011. 67-197 p.  
33.  Alisa Yamasaki, Abigail Booker, Varun 
Kapur, Alexandra Tilt, Hanno Niess KDL. 
The impact of music on metabolism. 
Nutrition. 2012;28(11–12):1075–80.  
34.  Bishop DT, Wright MJ, Karageorghis CI, 
Karageorghis I. Psychology of music 
performance during reactive task 
performance. Psychol Music. 2013;1–14.  
35.  Hackney C. Effects of music on physiological 
and affective responses to graded treadmill 
exercise in trained and untrained runners. Int 
Jjurnal Psychophysiol. 1995;19(1995):193–
201.  
 
 
 
 
 
 
 
Skipping and Running Effect in Young Adults Short-Term Memory 
